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In this issue ofNeuron, Parikh et al. utilize biosensors to probe the cholinergic system in freelymoving
rats performing cue-detection/reward delivery tasks. They show that cue-evoked cholinergic activity
in the medial prefrontal cortex is associated with cue detection and not reward delivery. We discuss
the implications of their research in behavioral neuroscience.Cognitive neuroscience, as with all
aspects of neuroscience, continually
challenges scientists. More sophisti-
cated and ever more elegant research
is pulling together pieces of the jigsaw
puzzle; the ultimate goal is to assemble
these pieces to understand the neural
control of behavior. In this issue of
Neuron, Parikh et al. (2007) make
use of recently developed technology
to observe cholinergic neurochemical
communication in themedial prefrontal
cortex (mPFC) of awake, behaving rats.
Powerful tools exist to investigate
individual neuronal processes. How-
ever, these techniques such as patch-
clamp and fluorescence imaging are
difficult to use in awake animals. This
limits the study of the intact brain of
an anesthetized animal and is an even
greater challenge in a behaving animal.
For freely moving animals techniques
need to be minimally invasive, yet
provide quantitative information on
circuitry during a particular behavioral
task. Commonly, a number of ap-
proaches are applied, each with dis-
tinct advantages and disadvantages.
Traditionally, lesion studies have been
used, for which select brain structures
are removed or known terminals and
projections are severed in an anesthe-
tized animal and behavioral or pharma-
cological studies are performed once
the animal is awake. This method has
been used successfully to determine
neuronal circuitry of both reward (Ito
et al., 2006) and cognition (Rogers
et al., 2001). While fruitful, lesioning is
invasive and does not directly measure
functioning circuits.
Extracellular single-unit recording
has been widely used in behaving ani-
mals to follow neuronal activity. It has4 Neuron 56, October 4, 2007 ª2007 Elsuncovered specific circuits also in-
volved in reward (Schultz, 2006) and
cognition (Constantinidis et al., 2001).
Themain disadvantage is that the neu-
rochemical substrates involved can
only be postulated. In vivo imaging
techniques, while useful for humans
(Knutson et al., 2003; Volkow et al.,
2005), are less used in animal studies
because they require the animal to
remain stationary.
Obtaining specific chemical infor-
mation during behavior has tradition-
ally been achieved with microdialysis.
A probe samples the extracellular fluid
of surrounding tissue through a semi-
permeable membrane. The technique
is very powerful in the wealth of chem-
ical information it provides because
samples canbe investigated for a num-
ber of neurotransmitters and neuro-
peptides with a number of analytical
methods for precise chemical identifi-
cation (Watson et al., 2006). However,
many analytical measurements require
10–15 min, whereas behavioral neu-
rochemistry changes on a second
or subsecond timescale. Additionally,
there are concerns about the relatively
large diameter of the microdialysis
probe (125 mm), which may damage
surrounding tissues fromwhich it sam-
ples (Borland et al., 2005). Further-
more, the probe samples over a large
area, which means that the chemistry
may not have a fine spatial resolution.
The above techniques have guided
our understanding of behavioral neu-
rochemistry; however, miniaturized
sensors with higher temporal resolu-
tion are ideally suited for such in-
vestigations. One approach we have
pursued is the use of carbon-fiber
microelectrodes to detect neurotrans-evier Inc.mitters by their electro-oxidation
(Robinson et al., 2003). This approach
has provided considerable insight into
dopamine neurotransmission in the
striatum during reward-related behav-
iors (Phillips et al., 2003; Day et al.,
2007). In contrast to microdialysis,
the sensor’s small dimensions (7 mm)
cause minimal tissue damage. Para-
doxically, this small size has its own
limitations because the spatial spe-
cificity provides measurements that
may be too localized to provide the
‘‘big picture,’’ and the high temporal
resolution may limit measures of basal
neurotransmitter concentrations. Fur-
thermore, this approach is limited to
the electro-oxidizable neurotransmit-
ters, such as dopamine, serotonin,
and norepinephrine.
In an alternate, new approach, re-
searchers have incorporated enzymes
in sensors, allowing a broader range of
neurotransmitters, such as acetylcho-
line, to be investigated. Choline, as an
index of acetylcholine, can be mon-
itored using a microelectrode coated
with choline oxidase. However, only
recently have sensors become avail-
able that are based on microfabrica-
tion technology. Sarter and colleagues
are the first to use such ceramic-based
microelectrode arrays in awake, be-
having animals. Here, they investigate
the cholinergic system function in the
mPFC andmotor cortex. They demon-
strate in the mPFC that this system is
involved in attentional performance in
an appetitive task. This task involved
presentation of a cue that predicted
reward delivery, which modulated at-
tentional shifts from nontask behav-
iors, such as grooming, to active mon-
itoring of reward locations.
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activity in the mPFC were seen when
the animal detected cues; data indi-
cated that such transients were medi-
ating a cognitive operation instead of
simply indicating sensory processing
of the cue. In sessions in which phasic
cholinergic activity was not observed,
the animal’s behavior indicated that it
missed the cue. The response was
specific to the cue because the phasic
increases were not observed during
port approach, delivery, or consump-
tion of the reward. The authors con-
clude that ‘‘cholinergic transients
mediate cue-evoked cognitive opera-
tions, but not port approach and re-
ward retrieval.’’ Cue-evoked, transient
cholinergic activity was not evident in
the motor cortex; this was further vali-
dated by lesion experiments.
In addition to the cholinergic tran-
sients, longer-term changes in con-
centration were found. These tonic
changes occurred over tens of sec-
onds or minutes in both the mPFC
and the motor cortex. As precue tonic
levels declined, there was greater inci-
dence of cue detection, showing thatThe First Steps in
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The visual system, with its ability t
Theoretical models of motion det
understood. In this issue of Neuro
in the optic lobe of Drosophila to
The visual system of animals discrimi-
nates different aspects of the visual
world, including color, form, and
depth. Perhaps the most important
feature of the visual system is its ability
to detect movement. Motion percep-
tion is an important prerequisite for
flight control in flies and thus for theiras ongoing behavior raises tonic levels
precue in mPFC and motor cortex, the
animal becomes less responsive to
subsequent cues. These results were
validated by microdialysis.
From this evidence, we can fur-
ther our understanding of behavioral
circuitry; it is clear that cholinergic
changes reflect mediation of cognitive
operations in the mPFC that operate
on different timescales. This informa-
tion should be invaluable in advancing
the pharmacology of cognitive and
behavioral disorders such as Alz-
heimer’s disease, schizophrenia, and
addiction. Future work with this type
of sensing technology will allow us to
piece together the other pieces of the
jigsaw puzzle, such as, importantly,
glutamate and GABA neurotransmis-
sion.
REFERENCES
Borland, L.M., Shi, G., Yang, H., and Michael,
A.C. (2005). J. Neurosci. Methods 146, 149–
158.
Constantinidis, C., Franowicz, M.N., and Gold-
man-Rakic, P.S. (2001). J. Neurosci. 21, 3646–
3655.DrosophilaMot
York University, 1009 Silver Center, 100 Wa
o perceivemotion, is crucial for m
ection exist, but the underlying ce
n, Rister and colleagues dissect t
reveal their role in motion detecti
ability to search for food, to pursue
mates, or even to escape from preda-
tors or a fly swatter. Large flies such as
Calliphora and Musca, and more
recently the fruit fly Drosophila, have
been excellent model systems with
which to study the principles of motion
detection, although the cellular basis
Neuron 5Day, J.J., Roitman, M.F., Wightman, R.M., and
Carelli, R.M. (2007). Nat. Neurosci. 10, 1020–
1028.
Ito, R., Robbins, T.W., McNaughton, B.L., and
Everitt, B.J. (2006). Eur. J. Neurosci. 23, 3071–
3080.
Knutson, B., Fong, G.W., Bennett, S.M.,
Adams, C.M., and Hommer, D. (2003). Neuro-
image 18, 263–272.
Parikh, V., Kozak, R., Martinez, V., and Sarter,
M. (2007). Neuron 56, this issue, 141–
154.
Phillips, P.E., Stuber, G.D., Heien, M.L., Wight-
man, R.M., and Carelli, R.M. (2003). Nature
422, 614–618.
Robinson, D.L., Venton, B.J., Heien, M.L., and
Wightman, R.M. (2003). Clin. Chem. 49, 1763–
1773.
Rogers, R.D., Baunez, C., Everitt, B.J., and
Robbins, T.W. (2001). Behav. Neurosci. 115,
799–811.
Schultz, W. (2006). Annu. Rev. Psychol. 57, 87–
115.
Volkow, N.D., Wang, G.J., Ma, Y., Fowler, J.S.,
Wong, C., Ding, Y.S., Hitzemann, R., Swanson,
J.M., and Kalivas, P. (2005). J. Neurosci. 25,
3932–3939.
Watson, C.J., Venton, B.J., and Kennedy, R.T.
(2006). Anal. Chem. 78, 1391–1399.ion Detection
shington Square East, New York,
ost animals to walk or fly steadily.
llular mechanisms are still poorly
he function of neuronal subtypes
on.
of this behavior remains unclear (Borst
and Haag, 2002).
Visual information is first received in
the retina. In theDrosophila compound
eye, the retina contains about 800
ommatidia, each of which consists of
six outer photoreceptors, R1–R6, and
two inner photoreceptors, R7 and R8
6, October 4, 2007 ª2007 Elsevier Inc. 5
